Introduction
Necrotizing enterocolitis (NEC) is a severe inflammatory bowel disease that affects the intestines of neonates and in whose genesis is involved hyperosmolar feeding, infection and ischemia.
The disease is characterized by intestinal necrosis, sepsis and multiple organ failure 1 , with overall incidence of 1:1000 live births, reaching 2-5% of all preterm newborns 2, 3 and represents the leading cause of death by gastrointestinal disease in the neonatal period.
The development of animal models using newborn pigs, mice and rats can be used to reliably reproduce the characteristics of this disease and represents one of the approaching ways of fundamental importance for understanding the pathogenesis of NEC.
The first description of the NEC model in newborn rats was reported by Barlow et al. 4 that induced the disease by combining formula feeding, followed by intermittent episodes of hypoxia stress, then, Barlow & Santulli added hypothermia to the model made for three days 5 . Caplan et al. modified the model by adding an additional day of hypothermia, from three to four days, and standardized ischemia using nitrogen 6 . Dvorak et al. used the same model with hypoxia for 4 days, the formulation of an own rat milk substitute and created a histopathologic grading to determine the extent of damage to the ileum 7 . In Brazil, Meyer et al. evaluated in the NEC model in rats, just the degree of intestinal involvement with hypoxia and reperfusion without using formula or hypothermia 8 .
Because of the importance and the incidence of NEC in the neonatal intensive care units and the variety of ways to obtain the experimental disease in rats, as there are variations in time, of the milk formulation and its concentration, and way of ischemia, we decided to carry out an experimental protocol of NEC to establish what would be the proper way of inducing the disease and report technical difficulties of its implementation.
Methods

Evaluation of the Ethics Committee in Animal Experimentation
All procedures involving animals were in accordance with the guidelines established by COBEA (Brazilian College on Animal Experimentation) and approved by the Ethics Committee 
Evaluation of technical difficulties
The parameters were: gastric distension, bronchial aspiration (confirmed at necropsy), achievement of neonates with NEC and survival.
Morphological evaluation of groups
Body weight (BW) and intestinal weight (IW) were measured in grams (g) and the ratio IW/BW was performed in order to exclude the variable BW on the evaluation of IW.
Processing for histological analysis
A 2 cm segment of ileum, immediately proximal to the ileocecal valve was removed for analysis. After fixation in 4% paraformaldehyde, the samples were dehydrated in an increasing gradient of ethanol, cleared in xylene and embedded in histology paraffin. Histologic sections of 5μm thickness were performed and stained with Ehrlich hematoxylin/eosin (H/E).
Histological grading of necrotizing enterocolitis
Each slice of each lamina was analyzed according to the graduation described by Dvorak et al. 9 in: 0: no damage;
1: slight submucosal and/or lamina propria separation; 2:
moderate submucosal and/or lamina propria separation, and/or edema in submucosal and muscular layers; 3: severe separation of submucosa and/or lamina propria, and/or severe edema in submucosa and muscular layers, region villous sloughing; 4: loss of villi and necrosis. Intermediate scores of 0.5, 1.5, 2.5 and 3.5
were also used for a more accurate evaluation of the levels of intestinal damage. To determine the incidence of NEC, animals with histological scores < 2 did not have NEC and those with histological score ≥ 2 had NEC.
Statistical analisys
The obtained values of weight and histological grading were evaluated using nonparametric ANOVA with Tukey-Kramer post-test, considering significant differences with a p<0.05.
The results were expressed as mean ± standard deviation (SD).
Calculations were made using GraphPad Prism 3.02.
Results
Evaluation of technical difficulties to adaptation of protocol
The diet with hyperosmolar milk concentrated to 0.34 g/ ml presented 77% of bronchial aspiration and 97% of mortality.
Reducing the concentration to 0.19 g/ml led to a decrease of bronchial aspiration to 19% and mortality to 48% (Table 1) . The initial instilled volume was from 0.1 ml to 0.25 ml using as a according to the weight of the newborn (200 kcal/day/ Kg). Subsequently the volume of instillation was changed to 0.1 ml in the first 24 hours, reaching up to 0.2 ml in the next 48 hours, using gastric distension as a parameter to volume progression.
There was a progressive weight loss in both, 72 hours and 96 hours, protocols. However, the mortality rate was lower in the 72 hours protocol than in the 96 hours (respectively 21% and 97%) ( Table 2) . The intestinal weight (IW) showed a significant difference between the EC and IH groups compared to the ESB and NEC groups (p<0.001). The IH and EC groups compared with each other showed no significant differences, as well as the ESB and NEC groups (p>0.05).
As for IW / BW ratio, only significant difference observed was in comparison of EC group with IH and ESB groups (p<0.05) (Table 3 and Figure 2 ). 
NEC evaluation
The general macroscopic and microscopic aspects were: a) the EC group presented a healthy gut, intact intestinal villi and layers, b) the IH group presented a darkened bowel and the intestine with a more severe separation of the lamina propria from the submucosa, besides villous lesions; c) the ESB group presented an intestine with a swollen aspect, and some with inflammatory aspect, histologically with moderate to severe separation of the lamina propria from the submucosa and d) the NEC group presented a very dark and swollen intestine, and in most of the neonates the loops were necrotic and histologically with partial or total loss of villi.
All animals with scores ≥ 2 were considered positive for the NEC and this occurred in the ESB, IH and NEC groups for most newborns harvested after 72 hours of life, however, the scores of NEC puppies were the highest of all when compared with EC (p<0.001) ( Table 3 and Figure 3) . 
Discussion
In the experimental NEC model in rats fed by using milk formula associated with asphyxia and hypothermia is possible to obtain 80% of newborns with the disease Then we evaluate the volume of administered diet to newborns. The initial calculation for the volume of infusion was carried out according to infant weight varying from 0.1 ml to 0.4 ml as tolerated. We expected that the animals gained weight, but they gradually lost it. These results are similar to Dvorak et al. 7 and other authors 11, 12 who believe that the instilled milk volume can interfere with the digestive process since the infant does not digest the whole milk throughout the digestive tract. 
Conclusion
The established protocol with larger number of survivors and larger number of NEC was with Esbilac ® , at a concentration of 0.19 g/ml, instilled volume of diet of 1 ml every 3 hours, when no gastric distension was observed, during 72 hours.
